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Growth of Pteridium aquilinum (L.) Kuhn Garnet ophytes

in Submerged Culture

Bill D. Davis^ and S. N. Tostletiiwait-

The culture of fern gametophytes under aseptic conditions is

commonly carried out on various mineral solutions with or with-

out agnr. In these methods the ferns develop on the surface of

the culture medium. In order to obtain a higher yield of

gametophyte tissue, an attempt was made to develop a method

for growing these phints in submerged, agitated, liquid cultures,

thereby utilizing the entire volume of the medium instead of the

surface alone. Since submerged gametophytes develop very

slowly, the plants were aerated by bubbling sterile air through

the medium. Tliis paper will describe the method developed

and will compare the development of gametophtyes grown by

this method to that of ferns grown by more standard culture

procedures.

Two papers were found in the literature that described the

development of lower archegoniates in agitated cultures: Na-

kazawa (lO-lG) reported on the germination of Eqidsctum spores

in aerated submerged cultures, and Machlis and Doyle (1962)

described a technique for the growth of liverworts, mosses, and

Eqnisetum in ilasks agitated on a rotary shaker. Voellcr (1964)

has described the growth of fern gametophytes in submerged

cultures that were not agitated; the development was stimu-

lated by the addition of coconut milk to the medium.

Spores of the Bracken Fern, Pt( ridium aquiUnnw (L.)

Kuhn, were collected in September, 1963, in Pulaski County,

Indiana, and stored under refrigeration. The spores were fil-

tered through six layers of lens paper to remove sporangia. For

agitated cultu!\^s or cultures usins* a medium solidified with agar,
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the spore surface was sterilized with Chlorox (20%, for 15 sec)

and suspended in 0.27o "Twecn 20." Dry, unsterilized spores
were used when they were to be floated on the surface of the
liquid medium. In all cases the medium was composed of
Moore's salt solution plus Nitsch's modified trace element so-

lution (Kelley and Postlethwait, 1962). All cultures were main-
tained at 24° C and were illuminated continuously with fluores-

cent lamps (approximately 200 ft-c).

Fig. 1. Arrangement of culture apparatus.

The general arraiigeineiit of the apparatus is shown in Fig. 1.

Only half of the apparatus was photographed; the rest was a

niirror image directly in front of tlie section shown (removed
for clarification). Air was passed through 6 inches of glass wool

(tuhe to upper left of Fig. 1) and then through cotton plugs in

the air delivery tubes. No attempt was nuide to measure the rate

of riir flow.

In the first series of experiments, the gametophytes from
agitated cultures were compared to ferns grown in 2-ineh Petri
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dishes containing 10 nil of the medium solidified with 1% agar.

Four cultures were examined for each method on the Ttli, 1-lth,

and 21st day after inoculation; 50 plants per culture were
measured for maximum length and breadth with a microscope
equipped with an ocular micrometer. In a second series, tlie

yield was compared for gametophytes grown in agitated cul-

ture and in still liquid culture. Statistical differences were de-

termined by the ^test (Steel and Torrie, 1960).

Although the aeration resulted in the gametophytes being
periodically subjected to a turbulence, the morphogenesis of

these plants did not seem to be altered. The plants developed
their normal cordate form. Numerous antheridia could be
seen on most of the ferns by the 21st day; archegouia were ob-

served witliin 28 days. When the gametophytes were trans-

ferred to still liquid cultures, young sporophytes were formed.
The growth of gametophytes from agitated cultures and from

still cultures % agar) was measured
by estimation of maximum length and breadth. The mean
length (PL 13A) and area (PL 13B) on each date were sig-

mfieantly higlier for gametophytes from agitated cultures (dif-

ferences significant at 0.01 level). However, the rate of growtli,

as indicated by the slope of the curves, was the same in both
culture methods. Tlie development of tlie gametophytes was
also measured by the "morphogenctic index" of maximum
length divided by maximum breadth (L/B; cf. Mohr, 1956). As
the fei'ns developed in the filamentous manner, the morphogene-
tie index increased (i.e., the gametophytes grew in length but
not m breadth)

; once two-dimensional groAvth was initiated, the

^orphogenetic index became stationarv or actuallv decreased

DEVELOPMENTOP GAMETOPHYTESFROMAGITATED CUL-^^' 13. Comparison of
'^^^^^

( ) to those grown on STn.L CULTURES ( )
ON MEDU-M SOLIDIFIED AVITH AGAR (A-C) OR ON LIQUID :^rEDIUM (D). A.
NCREASEIN MAXIMUMLENGTH. B. INCREASE IN AREA (mAXIMI'M LENGTH

TIMES MAXIMUMBREADTh). C. ChaNGE IN MORniOGENETIC INDEX (L/B:
MAXIMUMLENGTHDIVIDED BY M.VXIMUM BREADTIl). D. FrESH WEIGHTACCU-
MULATION. [] UNIT = 32 /i.]
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(i.e., the o;anietopliytes beeame wider tliaii lung). The morpho-

genetic index of the ganietophytes from agitated cultures dif-

fered statistically (0.01 level) on the 7th day, but not on the

;subs.>quent days (7^^ 1-^C). Therefore it may be concluded that

the plants from agitated cultures wore more precocious than

those on agar-solidified medium, but that the rate of growth (as

measured by the rate of increase in length or in area) and the

development (as measured by the morphogenetic index) are the

same.

Measurement of fresh weight can be used as an index of

growth, and is indeed more basic to the goal of this study.

Since it is difficult to separate the gametophytes from agar,

yield measurements were made by comparing ferns from agi-

tated cultures to those from still liquid cultures. Plate loD

shows the fresh weiglit accumulation to be higher (different at

the 0.01 level) in still liquid cultures than in agitated cultures.

The rates of growth were also different in the two culture

methods.

The submerged culture technique has the same advantages for

the study of higher plants as it does for microbes. However, it is

also important to determine whether tlie technique alters the

development of the material being studied. For example,

Albaum (1938) described "irregular changes in form [whi<'h]

take place uidess the experimental plants are always kept in

the same position relative to the light source." Tn this experi-

ment the gametophytes in agitated cultures were periodically

subjected to turbulent movement caused by the air bubbling

through the medium. When these gametophytes were compared

to those grown on agar-solidified mediunij it was found that the

rates of growth (increase in length and in area) and the de-

velopment (changes in morphogenetic index) were the snrae.

Tlie development of Pteridium aqinlinum gametophj^tes w^as

not altered by the culture techni^iue.

Tlie major advantage of submerged culture techni(iue is the

potential for increased yield of tissue. In this study it was

found that the fresh w^eight accumulation in still liquid cultures
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^vas greater than in aji'itated cultures. One must therefore con-

clude that tlie agitation culture technique in this ease is su-

perior to culture on an agar-solidified medium, but is inferior

to standard techniques in which the gametophytes develop on

tlie surface of a liquid medium.
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Chromosome Studies in the Polypodiaceae

Veikko Sorsa

T]ie Polypixliaceae are typically epiphytic, rarely terrestrial,

mostly tropical ferns. Tlie type genus has heen considered

one of the largest fern genera by many pteridologists, but

Copeland (1047) has construed it narrowly, and includes only

about 75 species, mostly in the American tropics. Chromo-

some counts of about 35 species mostly from southeast Asia

have been published (Chiarugi, 19G0, Fabbri, 1963, Evaus, 1963a),

wliih* the American species have been reported by Manton

(1951), Knoblodi (1962), Evans (1963a, b), Lloyd (1963),

Taylor and Lang (19G3), and Wagner (1963).


